The sequence of intraventricular conduction has been studied in a total of 60 patients, 38 of whom had normal QRS morphology and 37 of whom had right bundle branch block (RBBB) either present continuously or produced as functional aberrant RBBB by the introduction of atrial premature depolarizations or by rapid atrial pacing. Activation times were measured with intracardiac electrode catheters positioned at the right ventricular inflow tract (RVIT), right ventricular apex (RVA), right ventricular outflow tract (RVOT), left ventricular apex (LVA) and left ventricular outflow tract (LVOT). The activation after beginning of QRS in milliseconds ± 1 SD and the number of patients studied at each location were: RVIT normal 23 ± 13 (15 patients); RVIT-RBBB 49 ± 16 (15 patients); RVA normal 18 ± 9 (28 patients); RVA-RBBB 54 ± 16 (30 patients); RVOT -normal 40 ± 10 (28 patients); RVOT-RBBB 78 ± 21 (30 patients); LVA normal 9 ± 9 (18 patients); LVA-RBBB 6 ± 10 (10 patients); LVOT -normal 45 ± 13 (10 patients); LVOT-RBBB 32 + 9 (7 patients). Significant differences observed were: RVA-normal versus RVA-RBBB P < 0.001; RVOT-normal versus RVOT-RBBB P < 0.001; RVA-normal versus LVA-normal P < 0.005; LVA-normal versus LVA-RBBB NS, LVOT-normal versus LVOT-RBBB P < 0.05. The LVOT change was unexpected and suggests changes in left ventricular depolarization may occur when right bundle branch block develops. In patients with RBBB the activation of the RVA (r = 0.82) and of the RVOT (r = 0.68) was directly related to the duration of QRS. Changes in activation time when RBBB was induced by rapid atrial pacing or by introduction of atrial premature depolarizations were: RVA (7 patients) 19 ± 11 to 56 ± 16 (P < 0.001); RVOT (9 patients) 41 ± 10 to 77 ± 22 (P < 0.001); LVA (5 patients) and LVOT (2 patients), small insignificant changes.
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These data indicate that endocardial activation changes can be evaluated in the catheterization laboratory, that right ventricular conduction becomes slower in RBBB as a direct function of total QRS and that left ventricular conduction may be affected when RBBB develops.
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Intracardiac electrocardiography INVESTIGATORS using electrode catheter recording techniques have concentrated on conduction occurring within the A-V node and His-Purkinje system. For the past three years we have been in-vestigating human intraventricular conduction in the catheterization laboratory, and report here our experiences with 60 patients.1 Thirty-eight patients had no conduction disturbances and 37 subjects had right bundle branch block (RBBB) which was either present continuously or produced as functional aberrant RBBB by the introduction of atrial premature depolarizations or by rapid atrial pacing. Included are the range of activation times observed in five locations of the right and left ventricles plus an analysis of the changes in activation produced at these locations when RBBB was produced in people with normal QRS morphology.
Patients and Methods The investigation was performed on patients referred to members of the Cardiovascular Section for hemodynamic, impulse generator (manufactured by Bloom Associates, Ltd., Narberth, Pennsylvania).
Recording Techniques and Equipment
The electrical signals detected in the electrode catheters were transmitted through a multipolar junction box and specially constructed lead selector to Electronics for Medicine Model EEP amplifiers with filter settings of 120-500 or 400-500 Hz.
In all cases the electrical information was recorded simultaneously at 33/4 inches/sec on a Phillips 7-channel or Hewlett-Packard 14-channel tape recorder. Multiple surface electrocardiograms were also recorded, usually leads I, II, and V1. In some cases leads III and/or V6 were included.
Time marking was produced by the multi-impulse generator ws,ith intervals of 10 msec recorded onto tape during the procedure.
After the study the tapes were reviewed, often at 1/s inches/sec, which facilitates selection of material for permanent record. The data were then photographed on paper at 200 mm/sec in the Electronics for Medicine recorder.
Measurement of Data
Vertical lines were drawn from the earliest and latest deflections in any of the surface leads to indicate the beginning and termination of measurable ventricular myocardial electrical activity. Local depolarization at the endocardial lead was taken as the point where the first fastest moving deflection crossed the isoelectric line. Measurements were made to the nearest 5 msec after onset of ventricular depolarization from the surface leads.
Initially up to ten different complexes were measured for each point. It quickly became clear that the time relationships between surface ECG and endocardial activation as recorded from the electrodes were stable and that no significant variation occurred once the electrode was stationary. Subsequently three complexes were measured for each point on the map with virtually equal intervals obtained in each case.
In some subjects all five points (LVA, LVOT, RVOT, RVA, RVIT) could be recorded. However, this was not always possible and on several occasions only one to four endocardial positions could be accurately localized. In patients undergoing only right heart catheterization, the maximum obtainable information was necessarily limited to one to three points. Consequently the total number of depolarizations evaluated from each patient is different.
Results
Activation of the Right Ventricle (figs. 2, 3, 4) The average interval from onset of ventricular depolarization to activation of the right ventricular inflow tract (RVIT) in 15 patients with normal QRS duration was 23 ± 13 msec; in 15 patients with right bundle branch block the interval was 49 ± 16 msec* (table 1; figs. 5, 6, 7) .
The average interval from onset of ventricular depolarization to activation of the right ventricular apex (RVA) in 28 patients with normal QRS duration was 18 ± 9 msec; in 30 patients with right bundle branch block the interval was 54 ± 16 msec. The average interval from onset of ventricular depolarization to activation of the right ventricular outflow tract (RVOT) in 28 patients with normal QRS duration was 40 ± 10 msec; in 30 patients with right bundle branch block the interval was 78 ± 21 msec. When both points were measured in the same patients, the RVOT was depolarized after the RVA on 44 of 46 occasions, at the same time in one, and before in one. 
Activation of the Left Ventricle
The average interval from onset of ventricular depolarization to activation of the left ventricular apex (LVA) in 18 patients with normal QRS duration was 9 ± 9 msec; in 10 patients with right bundle branch block, the interval was 6 ± 10 msec.
The average interval from onset of ventricular depolarization to activation of the left ventricular outflow tract (LVOT) in 10 patients with normal QRS duration was 45 ± 13 msec; in 7 patients with right bundle branch block the interval was 32 ± 9 msec. When both points were measured in the same patient, the LVOT was activated later than the LVA on 12 of 14 occasions and before in two (patient J.B. in normal conduction and RBBB).
The significance of differences between groups of activation times were derived with the t-test system (table 2). In patients with either normal conduction or right bundle branch block significant differences were observed between right and left ventricular apex and outflow tracts. When the same locations were compared in patients with normal conduction versus those with RBBB the activation times were significantly different at all right-sided points. At the left ventricular apex there was no significant change although the mean LVA activation time was slightly earlier during RBBB (9 ± 9 msec vs 6 ± 10 msec) and at the left ventricular outflow tract activation was also earlier in RBBB and significant at the 0.05 level (45 ± 13 msec vs 32 ± 9 msec).
probability of the straight lines being parallel to each other is greater than 90%.
Changes in Activation Time in the Same Patients
Activation at the right ventricular apex and right ventricular outflow tract was delayed in each patient with normal QRS as right bundle branch block was produced ( fig. 10) . At the right ventricular apex during normal conduction the activation time in seven patients was 19 ± 11 msec and it increased to 56 ± 16 msec when right bundle block was produced (P < 0.001). At the right ventricular outflow tract during normal conduction in nine patients the activation time was 41 ± 10 msec and it increased to 77 + 22 msec when right bundle branch block was produced (P < 0.001). In these patients with normal conduction in whom right bundle branch block was produced, the range of values increased during RBBB, at the RVA from 30 msec in normal conduction to 40 The changes in activation when right bundle branch block was produced in patients with normal QRS at rest. In each case endocardial depolarization was delayed at both locations in the right ventricle.
bundle branch block. The time difference in the activation between these two sites (RVOT-RVA) was greater in five of six cases during right bundle branch block than during normal conduction ( fig. 11 ).
Relationship of Activation to Clinical Diagnosis
The data in the patients with normal conduction was examined to determine whether particular clinical diagnoses affected activation times. In those with coronary artery disease (CAD) the following mean activation times were observed compared with the mean values for patients without demonstrable structural cardiac disease (N): RVA 17 msec 10 patients (CAD) vs 21 msec 7 patients (N); RVOT 43 msec 
Relationship of Axis Deviation and Activation
No definite relationship could be observed when the activation times at various locations were compared with the axis deviations in the frontal plane in any of the patients studied.
Discussion
Activation when QRS is Normal Ventricular conduction studies in the dog heart have revealed: 1) that septal depolarization normally is dominated by the electrical activity of the left ventricular component so that activation proceeds for the most part from left to right; 2) that the apices of both ventricles are activated soon after septal activation begins; 3) that the remainder of the endocardium is quickly depolarized via the Purkinje network from below upward so that the basal and outflow tract endocardium are activated after the apices.3 '3 Similar data on myocardial activation in man has been obtained from within the thoracic cavity during operations and from the perfused isolated human heart.5' 1421 The activation times observed with endocardial electrodes in our study are consistent with the data obtained directly in the perfused human heart. The apices were activated before the outflow tracts with the LV apex preceding the right in most cases.
Activation times for the right ventricular apex and right ventricular outflow tract are comparable to those obtained in six patients by Castellanos et Depolarization on the right side of the heart is delayed by varying amounts during right bundle branch block. The range in six patients studied by Castellanos et al. was 50-60 msec (average 51) at the right ventricular apex, and 70-95 (average 84) in the right ventricular outflow tract. 22 The range of activa tion times in our larger series was certainly greater although the means were quite similar. Delays in the recorded right ventricular points are also the rule when RBBB is produced in dogs.1, 13, [23] [24] [25] [26] One would not expect the activation of the left ventricle to be much affected when right bundle branch block develops. However, in our patients, the LVA and LVOT were depolarized slightly earlier during RBBB. These differences were statistically significant at the LVOT but not at the LVA. The comparisons especially at the LVA must be viewed with caution, particularly since differences were slight in the few patients where direct comparisons could be made. Nevertheless, one could conclude that during RBBB some change may occur in the sequence of LV activation so that at least the LVOT is depolarized earlier.
Perhaps partial fascicular blocks in the LV during RBBB may so change activation to produce such unexpected results. In the six patients reported by Castellanos et al., no change in the activation of the base of the LV as recorded from within the great cardiac vein was observed when RBBB was produced.22 In dogs the production of right bundle branch block also does not appear to affect the normal activation of the left heart. 23 24 Degrees of Right Bundle Branch Block Although "complete" right bundle branch block is said to be present when QRS duration is but 120 msec, clinical electrocardiographic findings suggest otherwise. Actually, "complete" RBBB in man may well be quite uncommon, as discussed by Grant.27 Scher has estimated by extrapolation from canine studies that for RBBB to be complete, the QRS width would have to be 160 msec."`In only two of our patients (I.D. and A.R.) did the total QRS duration exceed this value, and then only to 170 msec.
Our data show that as QRS width increases, activation of the RVA and RVOT occurs later. For reasons that are not immediately apparent, the correlation appears slightly closer in the RVA.
Comparisons in Individual Patients
The expected delay in right side conduction was found whenever activation could be compared in the same patient when QRS was normal and right bundle branch block was produced. The amount of conduction delay varies when the extra-stimulus or rapid atrial pacing method is used, and it seems clear that "complete" RBBB will not usually be achieved. 28 The greater range of values at RVA and RVOT when right bundle branch block was produced presumably reflects the differing degrees of RBBB which resulted ( fig. 10 ).
Although the right ventricular apex is activated early and directly from the right bundle branch, the exact source of activation of the outflow tract is not fully understood. We therefore found it particularly interesting that relative to the RVA, the RVOT was activated even later in RBBB than when QRS was normal in five of six patients where the measurements could be compared ( fig. 11 ). Although Castellanos et al. did not specifically comment on this point, the same conclusion could be reached from their data. 22 The explanation for this finding may be either that the sequence of activation within the RV is different during RBBB or that the "route" remains the same, and more of the slower muscle-to-muscle conduction is now required. Fascicular blocks might also slow conduction to particular RV locations.
Sources of Variation
The range of values for individual points in our series probably results from: 1) individual variations from patient to patient; 2) different location of the electrode in different patients; 3) the area of myocardium in contact with the electrodes.
During normal conduction, it appears that endocardial activation is reproducible with high consistency between similar locations.2' A somewhat wider variation has been recorded in epicardial activation although the general depolarization pattern was predictable.29 In dogs the endocardial pattern determined with needle electrodes inserted under direct vision also occurs for the most part in a consistent, predictable fashion.3 However, QRS width is narrower in dogs than in man, and changes in time of particular sites are proportionately less. To our knowledge no study has been performed which reveals the range of activation times at the same locations in a large group of normal dogs.
It seems likely that individual differences in activation may be caused by myocardial disease even though total QRS width is normal. For example, some of the later left ventricular apical activation times were seen in patients with severe coronary artery disease. Patient J.B. (age 60) had severe myocardial fibrosis, and he was the only case where the LVA was depolarized after the outflow tract. However, our popCirculation, Volume 51, May 1975 ulation is not large enough to draw definite conclusions in this regard.
Because of the heterogeneous nature of the diagnoses in our patients, we further examined the groups in an effort to determine if the activation in certain subsets of patients differed from the group as a whole. Except for individual variations from the mean, no additional significant patterns of differences emerged based on diagnosis.
Part of the variation is certainly due to placement of the electrodes. Particular care was taken in guiding the catheters into the predetermined locations. Despite these efforts, some differences must have occurred. In the outflow tracts for example, adjacent surfaces at the same level are activated differently, and it is easy to visualize how the apical locations could vary depending upon local hypertrophy of papillary muscles or muscle bundles.2' We have observed slight differences in endocardial activation time even between unipolar records taken from adjacent 1.5 cm electrodes. Consequently, if close bipolar electrodes were positioned slightly differently, some variations in depolarization time might well be observed. Similar restrictions apply to studies carried out with transmyocardial needle electrodes. 3 Only by direct visualization can the needles be exactly localized.
The actual width of each exposed electrode tip is 2 mm. Although these surfaces are small, they rest against myocardium and/or Purkinje tissue which may be activated over at least a narrow time interval. The catheter technique, therefore, is less precise, on these grounds alone, than the needle electrode technique with its smaller surface area.
Our data show that the range of human endocardial activation times recorded with electrode catheters is quite broad. Part of these variations must reflect subject-to-subject differences, but certainly technical considerations are important. Thus the method is perhaps most useful when comparing activation changes in an individual patient as certain pertubations are instituted such as changes in intraventricular conduction produced by atrial stimulation. However, the activation differences between right bundle branch block and normal conduction are clear and help to support the data from animals and from humans at operation. At this writing, the technique described here is the only one available which permits us to study by direct myocardial contact certain features of intraventricular conduction in the conscious human subject who has not undergone cardiac surgery. 
